D 28K
؊ C a 2ϩ homeostasis is of crucial importance for many physiologic functions, including neuronal excitability, muscle contraction, blood clotting, and bone mineralization. Therefore, the Ca 2ϩ balance is tightly controlled through constant regulation of three physiologic processes: Intestinal absorption, renal reabsorption, and exchange of Ca 2ϩ from the bone mass (1) . Both in intestine and in kidney, Ca 2ϩ enters the interstitium by passive paracellular as well as active (re)absorption (2, 3) . Active Ca 2ϩ (re)absorption is critical in this process, because it constitutes the primary target for regulation by calciotropic hormones, including 1,25-dihydroxyvitamin D 3 [1, 25(OH) 2 D 3 ] and parathyroid hormone (PTH), enabling the organism to regulate the extracellular Ca 2ϩ concentration on the body's demand (4) .
Active absorption of dietary Ca 2ϩ occurs primarily in the proximal small intestine, whereas renal active Ca 2ϩ reabsorption is restricted to the distal convoluted tubule (DCT) and the connecting tubule (CNT) (5, 6) . Ca 2ϩ absorption occurs also in bone, where it is crucial for bone formation to achieve adequate bone quality and strength, as well as for osteoclastic bone resorption (7) . At the cellular level, active Ca 2ϩ (re)absorption implies entry of Ca 2ϩ across the luminal membrane through the epithelial Ca 2ϩ channels, followed by intracellular buffering, facilitated diffusion by Ca 2ϩ -binding proteins, and finally extrusion across the basolateral membrane by a Na ϩ /Ca 2ϩ exchanger and/or a plasma membrane Ca 2ϩ pump. Ca 2ϩ influx occurs through two highly Ca 2ϩ -selective members of the transient receptor potential (TRP) cation channel family, TRPV5 and TRPV6, which constitute the gatekeepers of active Ca 2ϩ (re)absorption in kidney and intestine, respectively (8, 9) . Indeed, ablation of TRPV5 (TRPV5 Ϫ/Ϫ ) in mice impairs renal Ca 2ϩ reabsorption, resulting in robust hypercalciuria (10) . As a consequence, TRPV5
Ϫ/Ϫ mice develop compensatory dietary Ca 2ϩ hyperabsorption in the intestine. Furthermore, the structure of the bones in these mice is significantly disturbed, showing reduced trabecular and cortical bone thickness (11 (13, 14) .
The aim of our study was to investigate whether calbindin-D 28K deficiency is critical for active reabsorption in the presence or absence of TRPV5. 
Materials and Methods

Animal Experiments
TRPV5
Ϫ/Ϫ mice were generated as described previously (10 
Real-Time Quantitative PCR Analysis
Renal and duodenal mRNA expression levels of calbindin-D 28K , calbindin-D 9K , TRPV5, and TRPV6 were quantified by real-time quantitative PCR as described previously (17), using the ABI Prism 7700 Sequence Detection System (PE Biosystems, Rotkreuz, Switzerland). The expression level of the housekeeping gene hypoxanthine-guanine phosphoribosyl transferase was used as an internal control to normalize differences in RNA extractions and reverse transcription efficiencies.
Immunoblotting
Total kidney and duodenum lysates of all mouse groups were prepared as described previously (17) . Briefly, protein concentrations of the homogenates were determined by the Bio-Rad protein assay (BioRad, Mü nchen, Germany), and 10 g of each sample was loaded on 12 or 16.5% (wt/vol) SDS-PAGE gels and blotted to polyvinylidene difluoride nitrocellulose membranes (Immobilon-P, Millipore Corp., Bedford, MA). Blots were incubated with a rabbit anti-calbindin-D 28K polyclonal antibody (1:10,000; Sigma, St. Louis, MO), a rabbit anticalbindin-D 9K polyclonal antibody (1:5000; Swant, Bellinzona, Switzerland), or a rabbit ␤-actin polyclonal antibody (1:20,000; Sigma) at 4°C for 16 h. Subsequently, blots were incubated with a goat anti-rabbit peroxidase-labeled secondary antibody (1:10,000; Sigma). Immunoreactive protein was detected by the chemiluminescence method (Pierce, Rockford, IL). The immunopositive protein bands were scanned and the pixel density was determined by using the Molecular Analyst Software of Bio-Rad Laboratories (Hercules, CA). 
In Vivo
Statistical Analyses
Values are expressed as means Ϯ SEM. Statistical significance (P Ͻ 0.05) between groups was determined by one-way ANOVA. In case of significance, the Tukey-Kramer multiple comparisons test was applied. All analyses were performed using the Statview Statistical Package Software (Power PC, version 4.51; Berkeley, CA).
Results
Serum Parameters
Wild-type, 4-wk-old TRPV5 Ϫ/Ϫ , calbindin-D 28K Ϫ/Ϫ , and
Ϫ/Ϫ mice were fed a diet that contained 0.02 or 2% (wt/wt) Ca 2ϩ for 5 wk. All mice strains were fertile and had similar average litter sizes ( 
mRNA Expression of Epithelial Ca 2ϩ Transporters
To evaluate the regulation of mRNA expression levels of the Ca 2ϩ transporters in kidney and duodenum, we applied quantitative real-time PCR assays. In kidney, calbindin-D 9K mRNA expression levels were increased in TRPV5
Ϫ/Ϫ and TRPV5
Ϫ/Ϫ mice that were fed the 0.02 (wt/wt) Ca 
Protein Expression of Epithelial Ca 2ϩ Transporters
For validation of whether the changes in renal and duodenal mRNA levels of the Ca 2ϩ transporters resulted in altered protein expression, the abundance of the Ca 
Functional Analysis of Ca 2ϩ (re)Absorption
The Figure 5C ).
Discussion
Our study demonstrates that TRPV5 may constitute a more critical component of active Ca 2ϩ reabsorption in kidney than calbindin-D 28K . This conclusion is based on the following experimental data. First, TRPV5 diffusion from the luminal to the basolateral surface (4). In mouse kidney, calbindin-D 28K strikingly co-localizes with TRPV5, which constitutes the apical Ca 2ϩ entry mechanism in DCT and CNT (4, 19) . Taking into account that calbindin-D 28K expression is regulated by calciotropic hormones in a similar way as TRPV5 (4, 20) , both proteins could be functionally linked in the process of active Ca 2ϩ reabsorption. Indeed, TRPV5
Ϫ/Ϫ mice displayed a profound renal Ca 2ϩ wasting combined with significant reduction of renal calbindin-D 28K expression levels. This suggested that the impaired TRPV5-mediated Ca 2ϩ influx suppresses the expression of calbindin-D 28K . Our previous experiments in primary cultures of rabbit CNT and CCD cells demonstrated that blockage of TRPV5-mediated Ca 2ϩ influx by the channel inhibitor ruthenium red downregulates calbindin-D 28K expression, indicating that regulation of the latter protein is highly dependent on the magnitude of the Ca 2ϩ influx through TRPV5 (14) . Arnold and Heintz (21) showed that Ca mice (n ϭ 6) that were on a 0.02% (wt/wt) and a 2% (wt/wt) Ca 2ϩ diet and probed with anti-CaBP-D 9K antibody (A). The intensity of the CaBP-D 9K immunopositive bands was quantified by densitometry and presented as a ratio to ␤-actin expression in relative percentages compared with wild-type mice that were fed a 0.02% (wt/wt) diet (B). Mice were fed a 0.02% (wt/wt; f) or 2% (wt/wt; Ⅺ) Ca 2ϩ diet. Data are means Ϯ SEM. *P Ͻ 0.05 versus wild-type on the same diet; # P Ͻ 0.05 versus the same group on 0.02% (wt/wt) Ca 2ϩ diet.
diet that contains 1% (22) or 0.02% (wt/wt) Ca 2ϩ (23, 24) . In contrast, Lee et al. (23) 
